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I. INTRODUCTION
The market for Sukuk 2 has grown tremendously in recent years, from less than $8 billion in 2003 to $50 billion by mid-2007. Sukuk provide sovereign governments and corporations with access to the huge and growing Islamic liquidity pool, in addition to the conventional investor base. The structure of Sukuk is now well established in several corporate and sovereign/supranational issues in the international bond markets. Malaysia and the Gulf region are the main hubs for Sukuk issuance; however, Sukuk issuance is not limited to Islamic countries. There are a growing number of issuers from the United States, Europe, and Asia. Such bonds have been issued by such sovereign borrowers as the State of Qatar, the Bahrain Monetary Agency, the Government of Pakistan, the Government of Malaysia, and the State of Saxony-Germany, in addition to international agencies such as the Islamic Development Bank and companies including Nestle, several oil companies, companies in Dubai, and the Standard Chartered Bank (Table 1) . Sukuk are in many aspects similar to conventional Eurobonds. Sukuk are also considered to serve as security instruments that provide a predictable level of return (fixed or floating); they are traded in the secondary market albeit less than conventional bonds; they are assessed and rated by international rating agencies; and are mostly cleared under Euroclear (listed in Luxemburg). The convergence between Islamic and conventional finance, particularly in the case of Sukuk, is gaining momentum as foreseen by several scholars (Mirakhor 2007 ). This said, there are certain differences between conventional bonds and Sukuk. A bond represents the issuer's pure debt, while Sukuk represent ownership stake in an underlying asset. For example, an Ijarah (lease) 3 contract that is often used to structure sovereign Sukuk creates a lessee/lessor relationship which is different than a lender/borrower relationship. Investor protection mechanisms for Sukuk remain largely untested. Taxation could also become an issue for certain investors where the legal basis for taxation of Islamic securities is not legislated in the home country (Thuronyi, 2007) .
However, while Sukuk market is developing rapidly, it remains primarily a market where holders tend to keep bonds to maturity with limited secondary market trading (El Qorchi 2005) . Sukuk offerings now appear on specialized exchanges such as the Dubai International Finance Exchange, the Labuan Exchange in Malaysia, and the Third Market in Vienna (Abdel-Khaleq and Richardson, 2007) . In the West, London may emerge as the leading bridge between Islamic finance and more conventional sources of capital. The recent initiative to change tax laws has given Sukuk equivalent tax treatment with conventional bonds. Nevertheless, secondary market liquidity is expected to develop only gradually, as issuance picks up and investors become more familiar with the instruments.
Do Sukuk provide the expected benefit from diversification to investors and issuers? If so, how significant are the gains from diversification? Alternatively, is the secondary market behavior of Eurobonds and Sukuk so similar that there is limited value in issuing Sukuk instead of Eurobonds? In order to shed light on these questions, this paper models the impact of Sukuk on hypothetical bond portfolios consisting of both Sukuk and Eurobonds and compares them to bond portfolios consisting only of Eurobonds. The application is limited to international issues of Sukuk and conventional bonds by the governments of Malaysia, Pakistan, Qatar, and Bahrain. The choice of issuers was dictated by the limited available data, particularly on secondary market trading.
The chosen VaR methodology for evaluating risk is widely applied in the area of finance. The VaR approach measures the downside risk of a portfolio position as the maximum loss that can materialize at a future prescribed date with a given probability due to adverse changes in relevant asset and liability prices. Application of this methodology to bonds requires a decomposition of the securities and an estimation of variances and covariance of returns on these securities. Variances and correlations of returns of each debt instrument are estimated from historical data. The analysis utilizes the VaR estimates, with data up to July 2007, to derive the covariance matrix of the shocks. The analysis generates several possible paths for the value of the bond portfolios using structured Monte Carlo simulations (10,000 replications) and delta-normal approach.
The paper aims to contribute to the debate on the issuance of Sukuk as alternative investment/financing instruments. The rest of this paper is organized as follows. Section II describes the data and the methodology. Section III discusses bond portfolio simulations. Section IV provides some general conclusions.
II. DATA AND METHODOLOGY

A. Data
The bulk of Sukuk is corporate debt and hence studying the effects of Sukuk on the risk structure of such debt portfolios is extremely valuable. To date, however, the number of corporates that have issued Sukuk as well as conventional bonds is very small. Data availability imposes even further restrictions on the analysis. As already mentioned, Sukuk markets are in their infancy and most of the trade is restricted to primary markets. In the few cases where secondary market data are available, there is not a long enough time series for reaching a reasonable conclusion. Due to these restrictions, we have limited our study to the sovereign issues of Sukuk and conventional bonds in the international markets for which secondary market data are available. Domestic bonds are excluded due to the limited availability of secondary market price data which are necessary to evaluate volatility and risk. The sovereign countries in our study include Malaysia, Pakistan, Qatar, and Bahrain.
Clean price data, which is defined as trade price less the accrued interest in between coupon payments for each bond, are obtained from the time of issuance or first available date until Table 2 lists the issue size, issue date, maturity, and coupon rate of each bond used in our calculations. Sukuk, at times contrary to other bonds by the same issuer, carry floating rate coupons which are indexed to Libor. Sukuk are smaller in size and have shorter maturities compared to Eurobonds issued by the same issuer. For each bond, the number of days in which a trade occurs as a fraction of total trading days is also reported. The numbers clearly show that Sukuk are traded less frequently compared to conventional bonds by the same issuer. The pattern is stronger for Malaysia and Qatar and less so for Pakistan and Bahrain. (Jorion 2006) . In other words, VaR is an expression of the portfolio's market risk, representing the maximum amount which may be lost, during a holding period, in all but (say) one percent of cases. For example the VaR method can state with either one percent probability or a 99 percent confidence level that a certain amount of dollars will be lost in a given day, month, or year. Various methods, including simulation techniques are applied to estimate the distribution of future portfolio values and to calculate the possible losses by using historical data. VaR is based on the variance of the return on the portfolio:
Where = w vector of weights for the various securities in the portfolio, ' w = transposed vector of weights in the portfolio, and = Σ variance-covariance matrix of returns on securities in the portfolio The VaR of a portfolio can be constructed from a combination of the risks of underlying securities. In other words, it constitutes the envelope for the volatility of and correlation among various risk variables over time. Several methods can be used to calculate VaR.
The variance-covariance approach, also called the delta-normal approach, is a commonly used method. The basic assumption in this method is that returns are jointly normally distributed. The normal curve conveniently enables us to determine where the worst 5% and 1% lie on the curve, depending on the confidence interval, mean and standard deviation. Hence we can calculate the portfolio value at risk by using equation (1):
where α = standard normal deviate (e.g., 2.33 for the 99 percent confidence level), μ p = average return of the portfolio, and W = initial portfolio value.
As is clear from the formula for the VaR of an asset, lower volatility implies a smaller VaR, which is desirable. In the case of a portfolio of assets, lower volatility is obtained if the returns of constituent assets have small or even negative correlations. Gains from diversification arise by diversifying the portfolio to assets whose returns are not highly positively correlated.
The normality assumption makes the VaR computation convenient although it has some drawbacks. Contrary to the symmetry embodied in normal distribution, asset returns diverge from symmetry in two common ways. Fat tails are common in asset returns, meaning that extraordinary losses may happen more frequently than a normal distribution predicts. Moreover asset returns are often negatively skewed, with more observations on the left hand side than on the right hand side.
In contrast to the delta-normal method, the Monte Carlo simulation approach requires less strong assumptions but is more computationally engaging. First, a stochastic data generating process for the price paths is specified and parameters such as risk and correlations are derived from data. Second, price paths are simulated for all variables of interest using computer generated random numbers. Each of these pseudo realizations are then used to form a distribution of returns, from which a VaR figure is measured. The estimated VaR, like any other estimation, is subject to estimation errors. Therefore any meaningful interpretation, comparison and application of the estimated VaRs should consider these limitations.
In the case of the Monte Carlo simulation method, the accuracy of any estimated parameter will be proportional to 1/√n where n is the number of iterations (in our case n=10000). The Monte Carlo simulation methods depend on the computer generated random numbers that are not truly random numbers and hence create some estimation error that decreases as n increases. However, there is no closed form representation available for the estimation errors and hence they are not provided in our analysis. However, there do exist closed-form formulas for the standard errors of estimation for the delta-normal method, and the numbers are provided for a more meaningful comparison of the two portfolio VaR estimates.
We have chosen a geometric Brownian motion process to describe price evolution. Formal procedures and algorithms for the simulation of a single asset portfolio are described in Appendix I, as well as generalizing to a portfolio of many assets, accounting for correlations of asset returns and correlations of shocks to prices.
III. APPLICATION TO SUKUK AND EUROBONDS
For the calculations, two hypothetical bond portfolios with equal dollar values ($100 million) offering different investment alternatives are constructed. The first one is the bond portfolio consisting of Sukuk as well as conventional bonds whereas the second portfolio consists of only conventional bonds. The weight of each security in the portfolio is proportional to its issue size. The results for portfolios of equally weighted securities are reported in Appendix III. As described in the section on the methodology, the variance-covariance and correlation matrixes are formed to be able to calculate the VaR. Table 3 shows the correlations among the bonds returns.
Table 3. Correlations of Weekly Returns of Sukuk and Conventional Bonds in Trade Weeks
To compute the VaR, the values of holding period and confidence interval should be specified. The choice of holding period is very much dependent on the context of the application. Although the industry typically uses daily VaRs for its internal risk control (Hartmann, Straetmans and de Vries, 2004) , banks have been advised by the Basel Committee to apply a holding period of 10 days and a 99% confidence level to determine the minimum regulatory capital needed to protect against market risk.
We choose a 99% confidence interval and a holding period of a week, or 5 business days. The reason for not choosing a daily holding period lies in the limited liquidity of positions. Implicit in the VaR definition is the assumption that the portfolio holder should be able to buy or sell at the ongoing market prices during the holding period. Given the relative illiquidity of Sukuk, which is clear from the ratio of traded days reported, we consider a holding period of a week or 5 business days. Due to different business days in the Gulf region exchanges and other exchanges around the world, a weekly price can be a better representative of the market price at which a position can be liquidated.
The results of both methods of VaR calculation are reported in shows a VaR of $1.11 million for the portfolio of all Pakistani bonds. This implies that one can expect the weekly loss on the market value of the portfolio will not be larger than $1.11 million or 1.11% of its value (as of end-June 2007) 99% of the time. It also means that there is a 1% chance that the loss could be larger than $1.11 million. The corresponding figure for the non-Sukuk or conventional portfolio stands at $1.53 million. To compare the numbers, one should take the errors of estimation into account, which in this and other cases imply that the two figures are statistically different from each other. Therefore, the introduction of Sukuk amounts to a 27% reduction in VaR for the portfolio of Pakistani bonds, based on the delta-normal method. The delta-normal method, implies similar results for other issuers. Inclusion of Sukuk in the portfolio of Malaysian conventional bonds, reduces VaR from $0.86 million to $0.77 million, an 11% reduction. The reduction of VaR for Qatar and Bahrain amounts to 17% and 40% respectively. For all issuers, the VaR of portfolio of only conventional bonds is statistically different from the VaR of portfolio of conventional bonds and Sukuk together. Table 4 also shows the estimates of VaR by the Monte-Carlo Simulation Method. The numbers are very similar to those from delta-normal method which shows that the findings are robust to the method of calculation. The slight differences can be attributed to the extent the return on a portfolio deviates from the normality assumption. Such deviation from normality can lead to a different estimate of VaR when normality assumption is dropped, as in the Monte-Carlo Simulation method.
Monte-Carlo Simulation estimates, also show that for each issuer, inclusion of Sukuk improves the VaR of portfolio significantly. The reductions in VaR stand at 11%, 15%, 18%, and 32% for portfolios of Malaysia, Pakistan, Qatar, and Bahrain respectively.
IV. CONCLUSION
This paper shows evidence that Sukuk-contrary to our priors-are different types of instruments than conventional bonds, as evidenced by their different price behavior. If an investor is ready to allocate certain amount of funds in the bonds of a certain issuer, diversification by including Sukuk in the investment portfolio could significantly reduce the portfolio's VaR compared to a strategy of investing only in conventional bonds of that issuer. The results were broadly the same in both methods that were used in this analysis, namely the delta-normal approach and the Monte-Carlo simulation.
Although international issues of Sukuk are similar to conventional bonds when it comes to such features as rating, issuance and redemption procedures, coupon payments, and default clauses, correlations of Sukuk returns with returns on conventional bonds are much smaller than the correlations of returns on conventional bonds with each other. If an instrument is not perfectly correlated with other assets in the portfolio, by definition one should expect some reduction in VaR. Indeed, part of the reduction in VaR in our study is due to the benefits gained from diversification through simply adding another instrument to the portfolio with a different duration. Nevertheless, the reduced VaR is not just due to the inclusion of an extra instrument in the portfolio but rather is a result of the very different behavior of Sukuk prices in the secondary market compared to conventional bonds. For example, in the case of Bahrain, where Sukuk and conventional bonds have similar durations, the correlation of returns is still close to zero.
There are certain limitations to this study. Possible gains from diversification should be evaluated against the lower return and liquidity risk of Sukuk. Most of the time, possibly because of the segmented market structure, Sukuk offer lower returns compared to conventional bonds. Sukuk are also illiquid instruments compared to conventional bonds as evidenced by the lack of secondary market activity. Such illiquidity imposes more risks on the portfolio at times of volatility. We have tried to limit this effect on the analysis by working with weekly data; however, a more rigorous treatment of the effects of illiquidity on Sukuk prices and premium would be desirable. Moreover, the volatility in prices does reflect the volatility on the days that a trade took place, but does not reflect the actual volatility of prices. Given data limitations, rather than being conclusive, we hope that the paper constitutes a contribution to the debate on the issuance of Sukuk as alternative investment/financing instruments.
APPENDIX I. ALGORITHM FOR MONTE CARLO SIMULATION
In this section, we describe the algorithm for Monte Carlo simulation of price paths. The basic assumption is the form of stochastic data generating process which is assumed to be a Brownian motion as in Jorion (2006) . First the algorithm for a portfolio of a single asset is described, and then the generalization to a portfolio of many assets. The basic difference lies in accounting for the correlations of shocks and prices.
Procedure for a single asset portfolio
• Geometric Brownian motion process describes the price evolution
Where μ and σ are the mean and standard deviation of returns over a holding period.
Z t is a standard normal shock that derives the price change. Holding period (here a day or a week) is divided to T time intervals of t Δ size. Usually in practice 1/100 t Δ = .
• Starting from price today, t • One needs to construct random numbers t Z with a given correlation matrix. This is done through Cholesky factorization of variance-covariance matrix of asset returns. The Cholesky factorization procedure is available in many statistical and computational software 4 .
• Once appropriate random t Z 's are drawn, path of asset prices are constructed using (4) for all assets. A realization of next period prices is obtained as 1 2 , ,...,
N T T T p p p
which gives rise to a portfolio price as the weighted sum of individual assets.
• Repeat above procedure for 10,000 times to obtain a distribution of next period's portfolio price. 4 In general, suppose we have a vector of N values Z which we want to display some correlation structure as 
